Pulmonary interstitial emphysema (PIE) occurs frequently in preterm infants who require mechanical ventilation for severe lung disease.1-4 It may impair lung function by reducing compliance, by compressing functional lung tissue, or by restricting pulmonary blood flow.5 PIE may also progress to pneumomediastinum and pneumothorax and is associated with an increase in mortality. 2 As there have been no analyses of PIE in a population of very low birthweight infants we investigated its incidence and its relation to hyaline membrane disease (HMD), mechanical ventilation, resuscitation at birth, pneumothorax, and mortality, in a group of infants who weighed less than 1500 g at birth.
Patients and methods
We reviewed retrospectively the notes of all 205 infants of birthweight less than 1500 Grade III (Figure (c) )-linear and rounded translucencies in all zones of the lung and considerable increase in lung volume.
In 5 infants the radiological appearances were equivocal and it was not possible to say with certainty whether or not PIE was present. It was decided to exclude these babies and confine the analyses to the remaining 142 infants. One hundred and three had radiographs for respiratory distress, 18 for apnoeic attacks (with or without aspiration), 13 infants. An independent review of these babies' notes showed that all had respiratory distress, with grunting, recession, and cyanosis in air within 4 hours of birth and symptoms that persisted for at least 48 hours. Of the infants with HMD, 58 were ventilated. A further 32 infants were ventilated for other reasons. PIE was associated with HMD and ventilation in 38 of 58 infants (P<0.0005), HMD without ventilation in 2 of 9 infants (P<0*025), and ventilation without HMD in 5 of 32 infants (P<0*05). It was more frequently seen in infants with HMD receiving ventilation than in those with HMD who were not ventilated (P<0.025) and those who were ventilated for other reasons (P<0-005). Only 1 of 43 infants who were not ventilated and did not have HMD showed radiological signs of PIE.
Ninety three infants were resuscitated at birth with intubation and brief intermittent positive pressure ventilation (less than 10 minutes) using a standard resuscitation apparatus (Resusitaire, Vickers Medical Ltd). The incidence of PIE in infants who were resuscitated but not ventilated (2 of 24) was no greater than that in infants who were neither resuscitated nor ventilated (1 of 28; P>0-5). Ventilation was associated with a significant increase in the incidence of PIE both in infants who needed resuscitation at birth (32 of 59; P<0-001) and in infants who did not (11 of 21; P<0-0005).
Three babies who were not ventilated developed PIE. One of these who showed grade I PIE in the first 24 hours was not resuscitated but did have HMD. The other 2 were resuscitated at birth: 1 had HMD and developed grade II PIE,and the second had no HMD but showed grade III PIE. None of these infants developed pneumothoraces and all survived. Twenty seven infants-9 of birthweight less than 1000 g and 18 of more than 1000 g-required no resuscitation or ventilation and did not develop HMD. None of these had PIE.
Of the 90 babies who were ventilated, 21 developed pneumothoraces-bilateral pneumothoraces in 6 
Discussion
PIE occurs when gas ruptures through the alveoli into the perivascular spaces and becomes trapped in the connective tissue of the peribronchovascular sheaths, the interlobular septa, and the visceral pleura,4 and it develops more often if the intrapulmonary connective tissue septa are extensive,6 as in the lungs of preterm infants.7 Plenat et al.4 suggested that PIE increases in frequency with increasing prematurity and in their series 12 of 39 babies with PIE were of less than 32 weeks' gestation. Our data concur with this since PIE was more common in infants of less than 1000 g birthweight than in infants weighing between 1001 and 1500 g. Severe grades of PIE were slightly though not significantly more frequent in the infants under 1000 g.
We observed PIE in 32% of 142 very low birthweight infants who required chest radiographs within 5 days of birth. This does not represent the true incidence in our unit, as 48 infants admitted during the period of the study who weighed less than 1500 g did not require a chest radiograph, and a further 15 infants who had chest radiography were excluded. Given that none of these latter infants developed PIE the incidence is about 22 %.
The strong association between PIE and both HMD and mechanical ventilation has been described,2-4 and our study supports the view that positive pressure ventilation and reduced lung compliance predispose to its development in preterm infants. In 7 very low birthweight babies we noted severe (grade III) PIE without pneumomediastinum or pneumothorax. Infants with respiratory distress syndrome have an initial increase in interstitial and perivascular fluid that declines rapidly in the first few days of life.8 This fluid may obstruct the movement of gas from ruptured alveoli to the mediastinum and thus cause an increase of PIE. 2 Others have suggested that PIE may occur spontaneously.2 We detected PIE, however, in only 1 of 43 infants who had neither HMD nor were ventilated. This infant had received positive pressure ventilation during resuscitation at birth.
About two thirds of the babies studied required resuscitation at birth. Maximum inflation pressure of 25 cm H20 and rates of 20 to 40 breaths a minute were used. We found that infants who were resuscitated but did not subsequently develop HMD or require ventilation rarely developed PIE (1 of 26 infants) and we did not observe PIE in infants who received neither resuscitation nor ventilation and did not develop HMD.
All of the infants who developed pneumothoraces were being ventilated at the time and most had previous evidence of PIE. Pneumothoraces occurred slightly more frequently on the right side. When tension pneumothoraces occurred in association with severe PIE the lung did not collapse (Figure (c) ). We therefore considered that it was especially important to take steps to avoid puncturing the lung when inserting chest drains.
The mortality in infants with PIE was high (67 %).
This reflects its association with HMD and the need for ventilation. In ventilated infants, however, we found that the pneumothorax rate and mortality increased with the severity of PIE.
It is difficult to prevent PIE in low birthweight infants with respiratory distress, but it is desirable to avoid overdistension of the lung by high peak inspiratory pressures 
